This study was aimed to measure the serum levels of YKL-40 among early and late rheumatoid arthritis (
Introduction
Rheumatoid arthritis (RA) is a systemic inflammatory autoimmune disease involving chronic inflammation principally affecting the joints. Diagnosing the disease in the early stages followed by combative treatment is the best means of avoiding joint destruction, organ damage, and disability. [1] The exact mechanisms that provoke the autoimmune responses, eventually leading to joint destruction, are not fully known. Nevertheless, at the early phases of the pathogenic process, some exogenous and autologous antigens presented to T-cells by antigen-presenting cells, and interestingly, one such candidate autoantigen, which can elicit an immune response, is YKL-40. [2] YKL-40 is chitinase-like glycoprotein, having a molecular weight of 40 kDa. It is associated with inflammation and secreted at the site of inflammation by vascular smooth muscle cells and macrophages. [3] However, YKL-40 established its role in the remodeling of highly dynamic structures such as the extracellular matrix and the development of new blood vessels. [4] This puts forward YKL-40 as a marker of inflammation and endothelial dysfunction. A couple of studies proved that there is an increased level of YKL-40 in the serum of RA patients compared to normal controls. [5] [6] [7] Supporting the above views, one study reported that in the joint synovium, YKL-40-positive cells were found in the synovial lining, macrophages, and chondrocytes of arthritic cartilage, and the number of YKL-40-positive cells was related to the degree of synovial inflammation. [8] Although several other studies have reported elevated YKL-40 levels in RA patients, there are no such published studies of serum YKL-40 on patients with RA in the Indian population. This made us assess the serum YKL-40 level in our cohort of RA patients as our primary objective of the study.
The presence of autoantibodies is a distinctive feature of RA. It has been reported that even before the beginning of clinical symptoms, there is the presence of circulating antibodies such as anti-cyclic citrullinated peptides (CCPs) and rheumatoid factor (RF), due to breaking in immune tolerance both in systemic circulation as well as synovial tissue leading to nonspecific inflammatory synovium, and eventually forms established RA synovium. These early histological changes in the (presumed) unaffected joints of RA patients are subclinical in nature. [9] This triggered us to make a ground plan to establish the role of YKL-40 and other traditional markers in early and late RA patients.
All these observations strengthen our thought to study YKL-40 levels and traditional markers in both male and female RA patients. The present study aimed to examine serum YKL-40 levels in patients with early and late RA compared to healthy controls and to search a correlation between serum YKL-40 concentrations with traditional inflammatory markers and disease characteristics in RA.
Materials and Methods
The total number of participants for the entire study included 220 individuals, which consist of 152 RA patients with ages between 23 and 70 years attending the Rheumatology Clinic at Sri Ramachandra Medical College and Research Institute at Chennai from October to December 2010. The primary inclusion criterion was definite RA fulfilling the 1987 American College of Rheumatology criteria and disease duration of 6 months onward.
The control group consists of 68 age-and sex-matched healthy staff and faculties working in the institution with no other forms of inflammatory rheumatic disease. The exclusion criteria for both the groups include physiological statuses such as pregnancy, lactation, and individuals with habitual smoking and alcohol consumption excluded as they are known to affect the levels of inflammatory markers such as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). [10] We also excluded individuals with known infectious disease and other diseases such as diabetes mellitus, hypertension, thyroid dysfunction, neurological disorders, cancer, secondary osteoarthritis (OA), and any other forms of arthritis from the study.
The patient group is further divided as early RA with the disease duration of <2 years from the onset of initial symptoms and late RA with the disease duration of more than 2 years from the onset of initial symptoms. All these early RA and late RA patients also retrospectively met the new 2010 RA classification criteria. [11] The patient history, physical activity, and Visual Analog Score (VAS) were obtained by a personal interview of all the patients along with relevant clinical data, and the treatment history was collected using the Health Assessment Questionnaire (HAQ). The number of swollen and tender joints was recorded with the help of a rheumatologist. After 12-h overnight fasting, the blood sample of 5 mL with and without anticoagulant was collected from RA patients and normal healthy individuals. The serum sample was collected and kept at a temperature of −70°C for further biochemical analysis. The patients and controls were similar in ethnicity and nutritional habits. All patients were under uniform dosage of nonsteroidal anti-inflammatory drugs and disease-modifying antirheumatic drugs as per treatment protocol.
Other than autoantibodies, the conventional markers in RA consist of the various Disease Activity Scores (DASs) which include composite parameters such as counts of tender and swollen joints and levels of serum CRP or ESR. The DAS-28-CRP combination is widely used nowadays because CRP is very much handy and is responsive to even minimal changes in systemic inflammatory activity. [12] We have included both ESR and CRP as inflammatory markers in our study. Traditional markers of disease activity in RA including DAS-28, ESR, and CRP were analyzed using standard laboratory methods. [13] [14] [15] The values for physical activity, VAS, number of swollen and tender joints, disease duration, and treatment were recorded in the HAQ under the guidance of the rheumatologist. The biochemical markers analyzed were anti-CCP, RF, and YKL-40 in both patients and controls. All these parameters were analyzed by in vitro quantitative ELISA method in batches from the stored samples within 30 days.
Ethical approval
The Research Ethics Committee of Sri Ramachandra Institute of Higher Education and Research (SRIHER), Chennai, approved the study protocol (MEC/06/51/23). All patients gave written informed consent prior to their enrollment in this study.
Statistical analysis
Statistical analysis of our study was performed using the SPSS® statistical program version 16.0 (SPSS Inc., Chicago, Illinois, USA). Because most of the variables did not follow a normal distribution, all the statistical analyses had done using nonparametric tests. In our study group, nonnormally distributed quantitative variables were presented as median (interquartile range). Comparison of biochemical marker concentration between groups was calculated by nonparametric significant Kruskal-Wallis test, followed by Bonferroni-adjusted Mann-Whitney test for unpaired differences. The Wilcoxon signed-rank test was used to assess the changes in parameters between subgroups. Spearman's Rho test and P ≤ 0.05 were considered statistically significant when we calculated the correlation between different parameters.
Results
The demographic data, including disease activity measures and serum biomarker levels, were compared between the RA patient group and control group, as shown in Table 1 . Our study group included 152 RA patients and 68 age-and sex-matched normal healthy controls consisting of 113 females and 39 males in the patient group and 50 males and 18 females in the control group (74% of females and 26% of males in both groups). All the values are calculated as the median (25 th -75 th percentile). The age of the study participants for RA patients and healthy controls was 47 (39-53) and 50.5 (39-59.25) years, respectively, and patients had disease duration of 2.6 (1-6.25) years. In our study, serum YKL-40 level was significantly increased in RA patients (200.8 [141.24-282.7] ) than normal healthy controls (82.2 [49.01-123.78]), P < 0.001 [ Figure 1 ]. However, there was no significant change among early and late RA groups [ Figure 2 ]. The markers of inflammation such as ESR and CRP levels were significantly elevated in RA patients than healthy controls (P < 0.001) [ Table 1 ].
In line with expectations, the serum anti-CCP and RF values, the traditional markers of RA disease, are significantly elevated in the patient group than healthy controls (P < 0.001). The demographic data of subgroups of RA patients and normal controls were shown in Table 2 . The results from the subgroups, which consist of 75 early RA and 77 late RA patients, showed that disease activity measures and inflammatory markers of RA were significantly elevated in late RA patients than early RA. Correlation analysis was performed between serum YKL-40 and other measures of disease activity, as shown in Table 3 . In our study, we observed that there was no noteworthy correlation between serum YKL-40 levels with demographic characteristics and inflammatory measurements including ESR and CRP.
Discussion
In clinically suspected cases of RA, immunological tests such as RF and anti-CCP, along with traditional markers of disease activity such as ESR, CRP, and joint count, are performed to confirm the disease activity in patients. Based on these tests and further clinical examination of the patients, the physician would rule out other possibilities of other autoimmune diseases. [16] In this study, we investigated the role of serum YKL-40 in RA patients, and the major findings of this study were as follows: (a) serum YKL-40 concentration increased in RA, whereas there is no significant difference in its level between early and late RA patients and (b) YKL-40 was positively correlated with the traditional markers such as anti-CCP and RF but no correlation with disease activity measures such as DAS-28, joint count, CRP, and ESR in RA patients.
YKL-40 in rheumatoid arthritis patient
In RA, the synovial membrane-lining layer is the predominant site of inflammation. This is due to a surge in bioenergetic and biosynthetic needs during sustained inflammation and drastic changes in oxygen and other essential nutrient availabilities in damaged synovium. This metabolic disruption ultimately ends up damaging the joints and synovial tissue. [17] For several years YKL-40 has been studied in joint pathologies concluding, this protein is secreted by chondrocytes and synovial cells surrounding the joints. It is well documented that the serum concentration of YKL-40 is undoubtedly elevated in patients with RA. Moreover, YKL-40 levels in synovial fluid were higher in RA patients with moderate/severe or none/slight synovitis of the joint. This synovial-derived YKL-40 might potentially influence the serum level of YKL-40. Since it is involved in the pathophysiology of the arthritic processes and reflects local disease activity, YKL-40 is considered as an important marker of synovial inflammation in RA. [18] In accordance with other studies, we found that in our study, serum YKL-40 was significantly increased in RA patients compared to age-and sex-matched normal healthy participants [ Figure 1 ], suggesting that they are released locally by arthritic joints followed by a secondary increase in serum YKL-40 level. [19, 20] One such study had reported that there is an increased expression of YKL-40 by connective tissue cells such as synoviocytes and, activated synovial fibroblasts present within synovial joints of RA patients, which reflects the level of YKL-40 in serum. [21] There are several studies on serum level of YKL-40 in OA patients but not in RA patients of Indian origin, even though it is established as a surrogate marker for inflammatory and degenerative joint diseases. [22] We could not assess the serum level of YKL-40 in male and female RA patients separately as it was not the primary objective of our study. However, studies suggested that YKL-40 levels were not associated with gender signifying age and genotypes are all strong independent factors affecting serum concentrations of YKL-40. [23] 
YKL-40 in subgroups of rheumatoid arthritis
Not many published studies are available supporting elevated serum YKL-40 level leading to joint destruction in early and late RA patients. However, a study provides 0.32** **P<0.01. All the data expressed as median (25 th -75 th percentile). DAS: Disease Activity Score, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, Anti-CCP: Anti-cyclic citrullinated peptide, RF: Rheumatoid factor, RA: Rheumatoid arthritis. The significant correlation (P<0.01) between YKL-40 and RF as well as YKL-40 and anti-CCP in RA patients evidence about increased serum inflammatory marker YKL-40 levels correlating with disease activity in early RA patients. [5] Contrary to that, in our study, we found no significant changes in the serum YKL-40 level among early and late RA patients [ Figure 2 ]. We could not assess any correlation between YKL-40 with disease activity measures separately in our early RA and late RA patients but with total RA patients [ Table 3 ]. Again, there are no published data on serum YKL-40 levels in late RA patients or its association with any biomarker. According to the study on OA patients, it was reported that serum levels of YKL-40 are significantly increased in late stages when compared to early stages of OA, indicating that its level in serum directly reflects the articular cartilage degradation and the degree of synovial inflammation in the knee joint of OA patients. [24] 
Correlation between YKL-40 with traditional markers of disease activity in rheumatoid arthritis
Contrary to our studies, Bulgarian RA patients showed a positive correlation between the serum YKL-40 level with CRP and ESR. [25, 26] However, we could not establish any relation between these markers and YKL-40 levels in RA patients [ Table 3 ]. Although the exact mechanism is not known, consumption of alcohol and smoking was found to be associated with an increase in serum YKL-40 level in RA patients. [27] Interestingly, as per the exclusion criteria, all the participants are nonsmokers and nonalcoholics in our study. Therefore, we have no explanation for this outcome.
Moreover, we could not establish any correlation between YKL-40 with any other disease activity measures such as DAS-28, VAS, joint count, ESR, and CRP in RA patients [ Table 3 ]. Therefore, we presume that serum YKL-40 level could provide a different and a restricted view of the inflammatory process than traditional biomarkers such as CRP, ESR, and RF. We could not ascertain the exact role of YKL-40 in inflammatory and noninflammatory conditions in RA patients. Since our study shows poor correlation with disease activity measures, the role of YKL-40 for monitoring disease activity is still unclear.
This study had few limitations too. 1. We had carefully selected RA patients with a uniform drug dosage regimen. Despite our study group, about nine late RA and seven early RA patients were treated with immunosuppressive drugs such as steroids at the time of the investigation. This might have affected the outcome of the study (around 10% of total RA patients) 2. We did not follow the recent definition of early RA (the disease duration <6 months) [28] in our study population 3. The number of study participants was limited, and the status of YKL-40 in the synovial fluid and tissue needs to be understood to correlate with the serum YKL-40 4. The assessment of YKL-40 levels in a comprehensive follow-up study from initial stages until later stages of RA, through treatment, may give a better understanding of the role of YKL-40 and its potential as a marker or therapeutic target 5. As we could not collect radiographic images of the hands and feet of RA patients, the erosive status of the disease and extent of damage was not measured in our study participants.
Conclusion
The findings from our study suggested that the higher levels of serum YKL-40 are observed in RA. We are unable to conclude on its specific role as an inflammatory marker in the different stages such as early and late RA. Even though we proved the correlation between YKL-40 with RF and anti-CCP, its importance in diagnosis and prognosis of RA is uncertain, suggesting that further, large prospective, longitudinal clinical studies needed to determine if plasma YKL-40 is a new RA biomarker or is mainly a biomarker of inflammation.
